During the summers of 2013 and 2014, isolates of a novel Gram-stain-negative coccus in the genus Neisseriawere obtained from the contents of nonviable greater white-fronted goose (Anseralbifrons) eggs on the Arctic Coastal Plain of Alaska. We used a polyphasic approach to determine whether these isolates represent a novel species. 16S rRNA gene sequences, 23S rRNA gene sequences, and chaperonin 60 gene sequences suggested that these Alaskan isolates are members of a distinct species that is most closely related to Neisseria canis, Neisseria animaloris and Neisseria shayeganii. Analysis of the rplF gene additionally showed that the isolates are unique and most closely related to Neisseria weaveri. Average nucleotide identity of the whole genome sequence of the type strain was between 71.5 and 74.6 % compared to close relatives, further supporting designation as a novel species. Fatty acid methyl ester analysis showed a predominance of C 14 : 0 , C 16 : 0 and C 16 : 1 !7c fatty acids. Finally, biochemical characteristics distinguished the isolates from other species of the genus Neisseria. On the basis of these combined data, the isolates are proposed to represent a novel species of the genus Neisseria, with the name Neisseria arctica sp. nov. The type strain is KH1503
During the summer of 2013, 21 specimens of Gram-stainnegative cocci were isolated from nonviable eggs of greater white-fronted geese (Anser albifrons) in Arctic Alaska [1] . Partial and nearly complete 16S ribosomal RNA gene sequences (435-1448 nt) from these isolates were nearly identical, suggesting that they may represent a novel species. The closest relatives based on BLASTN searches (https://blast. ncbi.nlm.nih.gov/) were Neisseria animaloris, Neisseria shayeganii and Neisseria canis. Alignment scores for the isolates ranged from 96 to 97 % identity to these known species. Continued field and laboratory work recovered the same live organism or DNA sequence from greater white-fronted goose eggs collected during the 2014 nesting season; isolates used in this study were obtained from the original sampling location as well as two other sites in Arctic Alaska.
The bacterial family Neisseriaceae consists of Gram-stainnegative, non-spore forming bacteria that occur across a wide range of habitats [2] . Most are considered commensals, but Neisseriaceae includes the important human pathogens Neisseria gonorrhoeae and Neisseria meningitidis [3, 4] . Other species of the genus Neisseria are sometimes isolated from both human and animal patients, often from the oral cavity or wounds resulting from animal bites [5] [6] [7] [8] . There are several reports of Neisseria isolated from waterfowl tissues [9] [10] [11] [12] , and one report from a mallard (Anas platyrhynchos) egg [13] .
To determine whether our isolates represent a novel species, we used a polyphasic approach that included the sequencing of four genes (16S ribosomal RNA, 23S ribosomal RNA, rplF and chaperonin 60), biochemical characterization, average nucleotide identity and fatty acid analysis. Six isolates collected during the summers of 2013 (n=2) and 2014 (n=4) from three study sites in Arctic Alaska were selected for this species description (Table S1 , available in the online Supplementary Material). Bacterial cultures were grown on trypticase soy agar with 5 % sheep blood (Hardy Diagnostics) in a
37
C incubator. Individual colonies were selected to grow in trypticase soy broth. Biochemical characteristics were determined using a HiNeisseria test kit according to manufacturer's instructions (HiMedia laboratories). For DNA extraction, 1 ml of broth culture was pelleted by centrifugation at 5000 g for 10 min. DNA was extracted from the pellet using a DNeasy kit (QIAGEN) as if it were a tissue sample and as per the manufacturer's instructions.
16S rRNA gene and cpn60 PCRs and sequencing were performed as described by Hansen et al. [1] . The 23S rRNA gene was amplified according to Wolfgang et al. [6] . 23S rRNA gene sequences were obtained using the primers 129F, 473tR, 2241R [14] , 1602R (5¢-CACCTG TGTCGGTTTSGGTA-3¢; adapted from Ludwig et al. [15] ), and 1399F [16] . We developed the additional sequencing primers 587F (5¢-GAAGGTGCCGTAACAGG TA-3¢), 1127R (5¢-TGATACCTCCAGCCTT-3¢) and 1803F (5¢-GTAGCGAAATTCCTTGTCGG-3¢) to complete assembly of these sequences. The rplF gene was amplified and sequenced using primers modified from Bennett et al. [17] (rplF_F; 5¢-CAGTAACTGTTCC TGCTGGCGT-3¢; rplF-R 5¢-AGGCTCAGGCGGACG-GAAGT-3¢). All PCR products were sent to a commercial laboratory (Elim Biopharmaceuticals) for Sanger sequencing. Sequences were edited using Ridom TraceEdit (www. ridom.de) or Mega6 (www.megasoftware.net). Sequences were trimmed manually by removing poor quality bases on 5¢ and 3¢ ends. All sequences were aligned (forward and reverse primers) using clustal omega (www.ebi.ac.uk/ Tools/msa/clustalo/). Sequences requiring assembly (i.e. full-length 16S rRNA and 23S rRNA gene sequences) were assembled following alignment with clustal omega. Bio neighbour-joining trees were reconstructed using SeaView (http://doua.prabi.fr/software/seaview) and edited using FigTree (http://tree.bio.ed.ac.uk/software/figtree/).
Among species with validly published names, our near fulllength 16S rRNA gene sequence (from the type strain KH1503 T ; 1415 nt) aligned most closely with Neisseria canis (96.5 % similarity) and Neisseria shayeganii (96.5 %) in BLASTN. However, our sequence aligned even more closely with the isolates 'Bacterium New Zealand A' (GenBank accession number AY721627, 99.4 % similarity) and an isolate from a goose (Anser anser) in China ( [12] ; GU121411, 99.0 % similarity), neither of which have been assigned to a designated species. In the EzTaxon database, our sequence most closely aligned with Neisseria animaloris (97.3 % similarity, [18] ). A bio neighbour-joining tree (BIONJ, [19] ) of our isolates and other strains in the order Neisseriales clearly placed our isolates as a distinct group most closely related to N. canis (Fig. 1) . The unassigned Neisseria isolates mentioned above grouped with our isolates in this 16S rRNA gene BIONJ tree (Fig. 1 ).
The 16S rRNA gene sequences from our isolates shared near 97 % similarity to known species. Current literature suggests that strains sharing less than 97 % 16S rRNA gene sequence similarity are not members of the same species [20] [21] [22] [23] [24] . According to Tindall et al. [25] , DNA-DNA hybridization should be used to differentiate species when 16S rRNA gene sequences are 97 % or more similar. However, average nucleotide identity (ANI) has been shown to be a good substitute for DNA-DNA hybridization in the designation of bacterial species [26] .
We performed an ANI analysis using whole genome sequences of related species obtained from the GenBank and PubMLST databases (Table S2 ). The genome of our type strain (KH1503 T , [27] ) had 71.5 and 74.6 % ANI pairwise scores to closely related species (Table S2) , which is well below the range of ANI scores (95-96 %) at which isolates should be considered unique species [26] .
In addition to 16S rRNA gene sequences and ANI scores, we analysed 23S rRNA, cpn and rplF gene sequences. A nearly full-length 23S rRNA gene sequence (1951 nt) of the type strain KH1503
T aligned most closely with N. animaloris in BLASTN (95.9 % sequence similarity). A BIONJ tree placed our isolate in a distinct group most closely related to Neisseria wadsworthii, Neisseria zoodegmatis, and N. canis. (Fig. S1 ). The chaperonin 60 sequence from the type strain KH1503
T (557 nt) aligned most closely with N. wadsworthii (80.0 % similarity) in the chaperonin 60 database (http:// www.cpndb.ca). A BIONJ tree of our isolates and others in the family Neisseriaceae again placed our isolates as a distinct group and most closely related to N. canis (Fig. S2) . Sequences from the rplF gene of our six isolates were most similar to that of Neisseria weaveri but formed a group distinct from it (Fig. S3) .
Cellular fatty acid analysis was carried out with pellets of cells from broth culture (grown as described above until stationary phase) after 18 to 24 h of growth. Bacterial pellets were frozen at À80 C and shipped overnight on dry ice to MIDI labs (Newark, DE, USA) where fatty acid methyl esters were identified using the Sherlock Microbial Identification System. Cellular fatty acid composition varied slightly between the isolates we tested, and were distinct from type strains of N. animaloris and N. canis (Table 1) . Notably, percentages of C 16 : 0 and C 16 : 1 !7c are roughly reversed between our isolates and the two species analysed (roughly 20 % C 16 : 0 and 40 % C 16 : 1 !7c for our isolates and roughly 40 % C 16 : 0 and 20 % C 16 : 1 !7c for N. animaloris and N. canis).
Biochemical characterization (Table 2) showed that none of the N. arctica sp. nov. isolates utilized fructose, maltose, lactose or mannose. Five (of six) isolates, including the type strain, utilized sucrose, which can be used to distinguish N. arctica sp. nov. from N. canis and N. weaveri. The failure to reduce fructose, maltose and lactose can be used to distinguish N. arctica sp. nov. from N. animaloris. Additionally, all of the isolates of N. arctica sp. nov. possessed urease activity, which can be used to distinguish them from other species of the genus Neisseria.
Taken together, the 16S rRNA gene, 23S rRNA gene, rplF and cpn60 sequences place our six isolates in a unique group within the genus Neisseria. Additionally, ANI analysis shows that the genome sequence of our type strain is unique from other close relatives in the genus. Finally, our isolates species in the genus Neisseria. We propose that our isolates represent a single novel species, Neisseria arctica sp. nov.
DESCRIPTION OF NEISSERIA ARCTICA SP. NOV.
Neisseria arctica (arc¢ti.ca. L. fem. adj. arctica of the Arctic, where the isolates were collected).
When grown on trypticase soy agar with 5 % blood, colonies are approximately 3 mm in diameter (after 48 h at 37 C), circular, entire, grey to light yellow, shiny, convex and nonhaemolytic. Growth is also observed at room temperature. Cells are Gram-stain-negative, coccoid, approximately 0.5 µm in diameter, and are often diplococcic [1] . Transmission electron microscopy reveals that cells are coffee beanshaped [1] . Isolates can grow on trypticase soy agar and on MacConkey agar. Of the six isolates used for the characterization, all display urease and catalase activity, but none show b-galactosidase activity, produce acetoin or reduce nitrate. The majority of isolates produce acid from glucose (four of six, including the type strain) and sucrose (five of six, including the type strain). None of the isolates produce acid from maltose, lactose, fructose or mannose.
The type strain, KH1503
T (=ATCC TSD-57 T =DSM 103136 T ) was isolated from the contents of an addled greater white-fronted goose egg on the Arctic Coastal Plain of Alaska in 2013. The DNA G+C content of the type strain is 46.4 mol% as determined by analysing the draft whole genome sequence of the type strain [27] . Five additional strains of the species are KH1479, KH1705, KH1744, KH2123 and KH2164. T ; 9, N. animaloris LMG 23011 T ; 10, N. gonorrhoeae. HiNeisseria test kits (HiMedia laboratories) were used for this characterization. All data are from this study except data for N. gonorrhoeae, which were obtained from Janda and Gaydos [28] and the HiNeisseria package insert. All species and isolates tested displayed catalase activity, but gave negative results in Voges-Proskauer test, and tests for b-galactosidase activity and production of acid from mannose. 
